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Influence of Temperature and Gas Atmosphere Condition
on Behavior of Precious Metals of Three Way Catalyst (2)
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Fig. 1. Temperature of catalyst in Aging Cycle.
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Table 1. The supported amount of the precious

metals.

Pt Pd Rh
3%Pt/Rh/CZ 3 wt% 3 wt%
1%Pd/Rh/CZ 1 wt% 3 wt%
3%Pd/Rh/CZ 3 wt% 3 wt%
10%Pd/Rh/CZ 10 wt% 3 wt%

FEHEREHIIPATE. PHEB LWL v MiZ
AL 72BN T U o A (PAO) K. Wb
H4 (PtO2) ¥y KA M L 7=, in-situ XAFS
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XAFS%FIH L7-, Fig. 210 @ O E %2 /R 7,

GasIn Gas Out
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Ion SR> Ton
chamber (lo) ‘ @ chamber (I1)
Sample Cell for in-situ

XAFS measurement

Fig. 2. Measurement system of in-situ XAFS.
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Fig. 3. Pt Ly-edge XANES spectra of standard
samples of Pd foil and Platinum Oxide(PtO2)
powder in room temperature, and 3%Pt/Rh/CZ

at

(a)in lean gas at 600°C, (b)in rich gas at 600°C,
(c)in lean gas at 700°C, (d)in rich gas at 700°C,
(e)in lean gas at 800°C, (f)in rich gas at 800°C.



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

FRfE X RO = 2 v ¥ — (eV), ftdhiIB
AL SEE & Uz, £ 72 D 7= DI =R,

[EAK T CRIE LI ERERKE Th D Pt

e PO RO ERRE LRI,

3%Pt/Rh/CZ H' @ Pt I% 600~800°C D & D ik
FEIZBWT T AEHHFOAT MDA

FNEL, UV FHRLY = HADEL

DFEBEK T TH AT MLX Pt LT W
L TWwiz,

T 3%Pd/Rh/CZ T 3%Pt/Rh/CZ & |7
EOFH %17 > 7=, Fig. 4 12fF£ & L THIE
BRAAH) 3 B O Pd-K Ui A7 F V& R”,
g D 7= OICEIR, KRARFBK T CTHIE L7
PEAESUELCH D Pd 5 & PAO By oK O HIE i F
HoRT,

PdO

12 12
(a) in lean gas PO =
Y Tat600 T

(b) in rich gas
£ TRE600 T

. 3%Pd/R/CZ 3%Pd/RWCZ

Normalized Absorbance (a.u)

.0
24320 24340 24360 24380 24400 244200
Energy (eV)

24320 24340 24360 24380
Energy (eV)

24400 24420

PdO

, (d) in rich gas Pdg
at 700 C

(c) in lean gas
at 700 'C

3%Pd/Rh/CZ 3%Pd/RhCZ

Normalized Absorbance (a.u)

IO 24040 24360 24380 24400 24420 24320 24340 24360 24380
Energy (eV) Energy (eV)

(f) in rich gas PdO.
at 800 C

24400 24420

2
(e) in lean gas

PO "
2
MTTTar800 T <

| 39Pd/RIVCZ 3%PARCZ

Normalized Absorbance (a.u)

- . 00 .
243200 24340 24360 24380 24400 24420 24320 24340 24360 24380 24400 24420
Energy (eV) Energy (eV)

Fig. 4. Pd K-edge XANES spectra of standard
samples of Pd foil and Palladium Oxide(PdO)
powder in room temperature, and 3%Pd/Rh/CZ
at

(a)in lean gas at 600°C, (b)in rich gas at 600°C,
(c)in lean gas at 700°C, (d)in rich gas at 700°C,
(e)in lean gas at 800°C, (f) in rich gas at 800°C.

3%Pd/Rh/CZ H @D Pd 1L, EELH A FHA

Ki<fcz&7IVV®%Jmmﬁ%%u 600°C
TEV = H AP TIE PO, UV vy FHAHFT
X Pd IZIEWART hL e RELSEFHLT
WD iZxt L, 800°C TiL U v FHAHFTYH
V=2 HBAHFTYH Pd IZIHEWARY PV TH
0B NE o T,

Dz ENG, Pt & Pd T, AR
P IREE ST DA DR B E e 5
Z E VI L 72, Pd X 600°C T A AR
EENZ AL TEL - B LN KE<E
#3525, 800°C TILMMBMEE 1T/ 2o 7z,
*ﬁ\mi6m~%WC®E@ﬁﬁT%fﬁ
KRB T AR REEN T DA ki)
o f:o

b Pt & Pd DAL D2 DiE W
X, B@BBIYOLERICER LTS &
EZHbD, Pd DFN Pt LV HERILY DL
EMERE W0, 600°C TIXERALE 2 &\
PHCAER A ® L TUh 7223, Pt 600°C T % g
{EE DIRVVIREE THAE L Tz,

T2, PtOARKEITEBIREL Y LRI
WD m <, PO Z#f% M L ChET L &
EZH5NTWA[S], —J7. Pd DFRKE IR
Pk LY b BB TN E < Pd DERE

TEABIRECIVEITT2 MO TV,

Pd ITZE(b DOIRRETLZETH V. Pd (ZfifBfE
LTHIbERETeZ b HE SN TWDH[6], &

ooz b e HAFHKIEEICR T 51K
EENELHZ L L0, “wmoBEHASEMETH
Pt ZHEF L7-fiit & Pd Z4HEF L2l T4
LHERE DN B2 5 Z L AVRB S T,

Q) E4BEHEFE &ML H)

Rh O&EHEIT-E T, PAHEEEREL 1, 3,
10wt% & Z % L 7= PdRhCZ % . ThZ
600°C * 800°C |2\ CTH AR & L8 S &
72785 XAFS ##l L 7=, Fig. 512 600°C T,
Fig. 6 (2 800°C CTHHH L 7= KF > | FHHIBA 454 3
Rt D AT NV ERT,

600°C T, Pd #HEFED V72 1%Pd/Rh/CZ

TIXY — U FREAR T TIXPdO 12, VU v F 555
ZFETIE Pd A7 LT i~ﬁbfw
7o —J7. Pd HEEE DL 10%Pd/Rh/CZ T

. V=R T TiEPdO @ AT K ViZ
—HLTWs b0, Uy FEREBMX T TIXP
& PdO ORJICALE LTHY . 1%Pd/Rh/CZ &
bl U CH AFRHKU KT 5 AT ML DZs
%ﬁ”béb‘\itq80WC'G@l%u3%u10%
DOED Pd HEFFETH T AFHKICK T 5 A
X7 MVOEIFT/NS L PAIZEWETH -
oo 72720, PAHEFED D720 1%Pd/Rh/CZ

29



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

30

=" [O)I1%PARNCZ,
[ inrich gas

+ "(d)T%PIRNCZ
M Vin'lean gas

PdO

at 600 °C at 600 °C

Nermalized Absorba)

- 0.0 F -
24320 243490 24360 24380 24400 24420 24320 24340 24360 24380 24400 24420
Energy (eV) Energy (eV)

2" [(@3%PARWCZ
€10 inrich gas

= (©B3%PIRACZ
£ 10— fean gas
08

0 | PO

04

at600°C | % at600°C
0z Eo2
z
00 : - 00
4320 24340 24360 24380 24400 24420 24320 24340 24360 24380 24400 24420
Energy (eV) Energy (eV)
12, 12
- "(GTO%PITRICZ 5" [(D10%PARIC

S 10 —infeangas S0 i rich gas

PdO,

at 600 °C at 600 °C

24360 24380 24400 24420
Encrgy (eV)

0.0 - - 0.0 * -
24320 24340 24360 24380 24400 24420 24320 24340
Energy (eV)

Fig. 5. Pd K-edge XANES spectra of standard
samples of Pd foil and Palladium Oxide (PdO)
powder in room temperature, and

(a) 1%Pd/Rh/CZ in lean gas, (b) in rich gas,

(c) 3%Pd/Rh/CZ in lean gas, (d) in rich gas,

(e) 10%Pd/Rh/CZ in lean gas, (f) in rich gas

at 600°C.
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Fig. 6. Pd K-edge XANES spectra of standard
samples of Pd foil and Palladium Oxide (PdO)
powder in room temperature, and

(a) 1%Pd/Rh/CZ in lean gas, (b) in rich gas,

(c) 3%Pd/Rh/CZ in lean gas, (d) in rich gas,

(e) 10%Pd/Rh/CZ in lean gas, (f) in rich gas

at 800°C.
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Table 1. Experimental setups of X-ray Photoelectron Spectroscopy
Method HAXPES XPS
Scienta Omicron, Inc. R4000 analyzer
Instrument in BL16XU hutch ULVAC-PHI, Inc. Quantera SXM
Excitation energy 7947 eV 1486.6 eV (Al-Ka monochromatic)
Take off angle 89° - 88° 45°

Core level Al 1s, O 1s, Si 1s

Al 2p, 0O 1s,Si2p, C 1s

Energy correction

Al alloy : Al 1s peak at 1559.5 eV
Reference powder : non-correction

C 1s peak at 284.7 eV

Neutralizer Off

On

2Fd JEH D 2% i AU B2 S D R IR 28 AL & BEAT T %
728, RRHFIZT200H, 4228, 822 H . 10
MWHxIZ— v 7 LTz I ZHAXPESHIE L 7=,
T, VUL DREE ERE KD
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180°C T304 LA 7 =— /v LT, WA&EKE L
AKESHTHAE S FRFICHIE L7,

HAXPESHI & X ¥ > £ — ABL16XUIZ 3% &
SN 74 [6]% Table 1O S TH W=, (L2
WAREEZZRT 57200k & L TTable 2
DR B [l — S THAXPESHIE L 7=, 25,
ZWREEHE, Table 105k TXPSHEAM & 1T -
7 BRRBNIEEHDERVNH K TH LD,
HAXPES ClZIns — MR Z H ¥ iA 7 XPS
TIEI =R T —7 LIClBA L CHEESRZ
1T-7,

RERBLUOELE

a) Z2RRABHC X 5 LERKEEREBOFM

Al &4 b o 3% i AVER 2 I o fb g AR BE
DHEHELT D0, TTEHABONE T A
N7 h VG L 7=, HAXPES & XPS O 5

Table 2. Reference powder sample

Powder sample Distributor

Kojundo Chemical Laboratory

-Al
o-ALOs Co..Ltd.

FUJIFILM Wako Pure

Bochmite, AIOOH (- ical Corporation

KANTO CHEMICAL CO.,

Al(OH)3 INC.
Almina-silica, JGC Catalysts and Chemicals
(Si:Al=7:3) Ltd.
Kaolinite

. ’ Nichika, INC.
ALSi:05(0H)s R

% Fig. 1 {Z/8%, HAXPES [ZHB W T, 7/
F U % & Kaolinite [ZH & 239 < | IEH 72 A
R MNVEG/DZENTE o,

Fig. 1 (a) ® HAXPES {IEIZH1T D Al ls &
— VL iE % i 5 L a-AlL,Os & Al(OH); 23
[ % T, AIOOH 7% & = /L X — Al Bl <
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Fig. 1. HAXPES and XPS spectra of the reference powder samples.
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Fig. 2. 2D diffraction patterns obtained from
Ni-1Cr at (a) 100°C and (b) 1100°C. (c)
Converted 1D diffraction profiles.
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Fig. 3. In-situ XRD profiles of Ni-1Cr during
heating at every 50°C from 100°C to 1100°C.
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Fig. 4. In-situ XRD profiles of Ni-25Cr during
heating at every 50°C from 100°C to 1100°C.
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Fig. 6. In-situ XRD profiles of (a) NCS,
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P LTS In-Ga-Zn-O (LATF, IGZO) LV b EWEFBEIE 2>~ 0,

ETHEHRINTWD, RBFFETIE,
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Table 1. Comparison of the TFT
characteristics: IGZO and IWZO [4].
1GZO | TWZO
Field-effect mobility (cm?/Vs) 10 35
Threshold voltage, V,,(V) ~1.0 0.8
Stability: Positive bias stress | 2.00< | 0.40
AV,(V) Negative bias stress | 0.10< 0.07
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XAFS) # MW TH TR DOLFIREE & RFTHE
EDLHT EHAT o T2,

£
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Fig. 1. In-K XAFS results of IGZO, IWZO
and In,03 (standard): (a) XANES spectra, (b)
EXAFS oscillation (xk%) and (c) Radial

structure function.
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IWZO <° IGZO IZB W T, Zn L 2MliTH v 72
N, DLBERLIZRETHET D EEZLN
%, Fig. 2(b) & EXAFS #K#) (xk*) . Fig. 2(c)
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Fig. 2. Zn-K XAFS results of IGZO, IWZO
and ZnO (standard): (a) XANES spectra, (b)
EXAFS oscillation (xk*) and (c) Radial

structure function.
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Fig. 3. Ga-K XANES spectra of IWZO and
Gay0Os (standard).
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Fig. 4. W-Lin XANES spectra of IWZO and
WO; (standard).
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GaN/GalnN EFHFE D In BEIRTE O RE
XAFS Analysis of GaN/GaInN Quantum Wells with a GalnN Underlayer
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Yuta Inaba, Yoshihiro Kudo
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Fig. 1. Crystal structure of wurtzite GaN.
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Fig. 2. XAFS spectra of GaN/GalnN MQW with
In undoped and doped under
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layers. (a)
normalized spectra, (b) EXAFS oscillations (c)
Radial structure functions (RSF).
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Fig. 3. Fitting result to the RSF of GaN/GalnN
MQW with In (a)undoped and (b)doped under
layers.
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Table 1. Parameters obtained by fitting to the
RSF. UL stands for “Under Layer”.

In-undoped UL | In-doped UL
R-factor (%) | 1.26 0.84
In ratio 0.32(2) 0.24(3)
DW?2 (A?) 0.0030(6) 0.0033(6)
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X-ray Photoelectron Spectroscopy
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spectra of uncoated NCM and 5 wt% LBO-NCM
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50t cycle.
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XAFS &% W TR A OSROILF R T
XAFS Analysis of Copper Compounds in Mercury Removal Sorbent
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Fig. 1. Appearance of honeycomb-shaped CBS
(78mm X 78mm X 600mm) [2].

Table 1. Test conditions.

Content PS MR RG
H,0, % 2.0 3.2
CO, % - 66.4
H,, % 0.92 18.8
CO,, % - 8.6
Gas
CH,, % - 1.5
components
N,, % 96.98 1.5 98.0-99.0
0, % 1.0-2.0
H,S, % 1000
Hg®, ug/m?y |- 75-250
Gas flow rate, cm®/min 2000 2000 2000
Pressure, MPa abs. 0.9 0.9 0.1
Temperature, °C 120 140 140-280
Space velocity, h 2667 2667 2667

PS: Pre-sulfurization, MR: Mercury removal,
RG: Regeneration

Synchrotron
X-ray

Slit - .
Incident Transmission
I X-ray, Iy X-ray, |
Z
%
.
%
lonization S
ample
chamber P

Fig. 2. Schematic diagram of XAFS analysis.
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Fig. 3. Normalized Cu-K XANES spectra of
honeycomb-shaped CBS samples after each step
(solid line) and those of the Cu standard samples
(broken line).
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Fig. 4. Ratio of Cu form in honeycomb-shaped
CBS samples after each step calculated by linear

combination fitting.
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Electric Potential Analysis for Next-generation Memory by
Bias Applied Hard X-ray Photoelectron Spectroscopy
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Keiko Fujii, Masahiko Yoshiki, Yushi Kato, Buyandalai Altansargai

A AE
Toshiba Corporation
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XAFS Analysis of a New Anode Material for Lithium Ion Battery
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Fig. 5. Morphological characterizations of TNO
particles by SEM and TEM images.
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Fig. 3. X-ray topography images of (a) the seed, (b) the interface between the seed and

the grown crystal and (c) the grown crystal.

The seed and the grown crystal are

obtained by physical vapor transport method and solution growth method, respectively.
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Fig. 1. Schematic illustration of samples. (a)Chip, (b) First mounted sample, (c) Secondary mounted

sample, (d) Cross-sectional view of First mounted sample.
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Fig. 4. Reciprocal space maps of First mounted
sample. Bragg Reflections are (a) (0002), and (b)
(0008).
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Table 1. Average and standard deviation of
FWHM (full width at half maximum) .
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Table 1. Ni-rich crystal structure parameters of

Pristine, Initial, and 100 cycle.

Parameter Pristine Initial 100 cycle
Rwp 5.755 5.241 4.932
Re 3.838 3.603 3.433
S 2.771 2.407 2.314
RB 1.371 0.871 1.047
Rr 0.721 0.439 0.546
aaxis/ A | 2.87838(6) | 2.87864(6) | 2.87505(6)
caxis / A 14.2105(4) | 14.2231(4) | 14.2501(4)
M'O/ lzingth 1.972(2) | 1.9732) | 1.965(2)
Crystalline
diar};eter/nm 223(3) 125(2) 130(2)
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Fig. 3. XANES spectra of (a) Ni, (c¢) Co, and (e)
Mn and the radical structure function spectra of
(b) Ni, (d) Co and (f) Mn.
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Fig. 1. TEM image and electron
diffraction pattern of Pd/C.
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Fig. 3. Potential variations in Fourier
transforms of Pd-K EXAFS for Pd/C
in IM KOH.

D, I HICHELYRAETE O OWBER L H
L7 R % Fig. 4 12”7, KBEETIZEBIT S
Pd F i DK DO EZACFERAC RS

Pd+ OH- —Pd-OH + e,

Pd-OH + OH- — Pd-O + H,O + ¢

2LV, 04V LY EENMTOHNEAE, O
B EECORAEBIEHPIO)DER SN TV D
EEZLND,



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

0.10

—— 0,4(KOH)
B 0,(HCOOK)
008l * -+ CO44(HCOOK)
%0.06 — . -
E
o 0.0‘4 [ =
(&)
0.02 -
0.00 .,,. A 4
00 02 04 06 08 10 1.2
Potential (V)

Fig. 4. Potential variations in the
coverage for OHag, Oag and COgyq for
Pd/C in IM KOH and 1M KOH +
0.1M HCOOK.

— 02V
— 07V
1.0V
----- 0.2V(KOH)
..... 0.7V(KOH)
1.0V(KOH)

T I
(n'e) wiojsuel Jalno-

1 1 1
20 3.0
R (A)

Fig. 5. Potential variations in Fourier
transforms of Pd-K EXAFS for Pd/C
in IM KOH + 0.1M HCOOK.

o TNX \«.___,
1.0

WIZXBT =4 %&T 1 M KOH+0.1M
HCOOK HZH1J7 % Pd-K XAS 7> 53R 7= #f
BT % Fig. 5127 t, M7 =4 %
BERVEG L ISBTEERTH DR, 15
AfHEOEAIT/NEL 720 2.1 AfHiE (Pd-Pd
DT T4 F) OEE/NEL o TWVND,
X7 =4 DOHRICEY COMBET D L
Pd-COfEENAL D, ZOMARIZ., BB X
Z21ATHVY[13], PAd-PdFEEDTT T4 b
E—27 LRI CALEICTE 50, EXAFS 7 1 v
TAYTEITOZETHBETE %, Figd 2%
DFERZ T,

X7 =4 v E2EmEr0ngEa i, Hon
\ZHE72 0 0.7V LT T, CO DFENRD B
. WZOFEOWFIZEF LA LTV,
X7 = ANk L THA Uiz CO O EN
B2, Znn, KOk TALLZ O

FEIC L0 Rk S 40D i OHag + COuq + 20H-

— CO* +H O+ eI -TWNHEEZLD
o, ZO—HORISIE, EARMIZ, BEK
WRFOXHBBALKIEEFRELbDOTHY , 7
N VEERFPITEBNTH, CO #EDEmE
TRARIBN T/ — R R D b 5 @ iE M2
HThdrL&EZOLND,

PR

XM LX—Fx VT VAT AICHN
HAVD TV ) B Eh SRR FE A AHE L
Pd filtfif EOT A H VK FICBIT D XERT
= A VB % . In-situ XAS (2 X0 iEHT L
oo ZHVETT AN YT TIL CO BAED
HENDnERESR TR, A EIOH
ETT NI IVERFPICBNTEH, BT =4
YOI LY A L7z CO M, Pd il SR A IS
WA T D ENMER S, Bk EREE 2D
& CO DFEALIS % N EHICHEIT IS 2
ENPIETEYEDH RICHE D 2 FEEEEBE 2 DL
aln

AS#%OBRE

HARW 2 A N = X LPBRCTE 72D T, CO
P A IR T D AR EE A D TS, £ D
BRI 1T, AWFZE THZE L 72 In-situ XAS £ DIE
HARENTH DL,

B

AWF5E1x JST-CREST., JPMJCR1543 D 3%
BT TATOIE Lz, BIRE SR <&
AL ET,

2E IR

[1] A. Capon, R. Parsons: J. Electroanal. Chem.
Interfacial Electrochem. 45, 205 (1973).

[2] S. G. Sun, J. Clavilier, A. Bewick: J.
Electroanal. Chem. Interfacial Electrochem. 240,
147 (1988).

[3] G.-qiang Lu, A. Crown, A. Wieckowski: J.
Phys. Chem. B 103, 9700 (1999).

[4] P. A. Christensen, A. Hamnett, D. Linares
-Moya: Phys. Chem. Chem. Phys. 13, 11739
(2011).

79



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

[5] T. Takamura, F. Mochimaru: Electrochim.
Acta 14, 111 (1969).

[6] O. Yepeza, B.R. Scharifker: Int. J. Hydrogen
Energ. 27, 99 (2002).

[717J. John, H. Wang, E. D. Rus, H. D. Abrua: J.
Phys. Chem. C 116, 5810 (2012).

[8] B. Ravel, M. Newville: J. Synchrotron Rad.
12, 537 (2005).

[91J. S. Filhol, M. Neurock: Angew. Chem. Int.
Ed. 45, 402 (2006).

[10]Y. Cao, Z.-X. Chen: Surf. Sci. 600, 4572
(2000).

[11] M. Todorova, K. Reuter, M. Scheffler: J.
Phys. Chem. B 108, 14477 (2004).

[12] J. Zhang, H. Jin, M. B. Sullivan, F. C. H.
Lim, P. Wu: Phys. Chem. Chem. Phys. 11, 1441
(2009)

[13] A. O. Pereira, C. R. Miranda: Appl. Surf.
Sci. 288, 564 (2014)

80



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

2017B5420, 2018A5420

BL16B2

Li A A BB B IERA B D XAFS f#AT
XAFS Analysis of Novel Cathode Material for Lithium Ion Batteries

B B, 48 B

Ryuichi Natsui, Kensuke Nakura

NV =y 7 Rt

Panasonic Corporation

HERAICITmAEEM R S LT b T 5 Li i RER{EY) (LiMnO;) (ZXF L, MAD—E% F ICE
#2L7 LiMnOoF (IEN - EXULFRMEZ RT 22 /A L, F R—=7IC X 2FESEA =X A

RSN L. SROMEBGEHESH 2155 72012,
DE RO T, #R, Fa F—=79425Z LT,

ZENbhroT,

X—T— R LiA A, [EM, XAFS

TREHEEW
SBERT 5 AR ER BB LS ICm
U, EVERERY FULL LT BB RKRD
BNTW5, BITOEMME THD LiMeO,
(Me=Mn, Ni, Co etc.) ¥, FiEFIZ Li 2 —
SLMERELTWARWED, BHmIICE bR
LmawbiIREETH D, TFE, FEEFIC L
L 0ELEASEE Li BRI RBRY IE
MBE S AR B 2 BB R & LTIt S
TWD[1], TERDOMERTIT Li OBidH A
PEOBMMEIIEBGROAM ) Z N T
% DIk L, Li @R R EBRACY EbEHTER
SR T IR BRELEMMELHES 2 &
T HXRREIVLELL DL ZFHAT L Z N
TEEWEERGOND, T72bb, IEMmH
Bt S5 b mam{bogix “LimgEt” &
‘MR OBALRICICF A EF 25, — 7,
EBHIZ L #E8A &H7- LioMnO; T, FAEIC
K LTHEENEDT S, 2L, LizMnOs ®
Mn Offi%k A 4 i TH D 7=, HEIFEE R
Mn NEMMEZHE Z N TSP, BEN
ETOBMMEZM 72D, BRIS/DEEL

LizMnOoF & LipMnO; O FE B IZ I 5 Mn

AR IS L E(LDOWNL 2RI TE S

TLRVBENALERT DI LICERTS
EEALND, ZTOXHIT, EBHEOEA

B EMEZENMTHOMEOERETHY |

2D b b— RA 7 % Rk v BE 70 8 L E A AL R
DNV ETH > T,

ZFZTH I N—FTIE, “EBEREL” L W
WZER” & EMALT 572, LiaMnOs D2
RO—H% 7 v FTEM LI 72 BB
ToH %5 LioMnOF Z AT 528 o 72,
Li;MnO,F (& LioMnO; & [FAI%E D Li &% 5 H 7
L= ORI E AR TH D (447.4 mAh/g),
EHIZ, OO & FCE#HALIZZ L T Mn
DAL 3 i & 72 0 | Li BidF AR Mn3+/4+
DAL ELKIEEFHA TS LN TE,
LioMnOs & Heig U TR O biZ o b & %
KT 52 & CTHELELL IR TE S,

ARFFETIX. LiaMnO2F & LiaMnOs; O & ith
FetE % Heie L. XAFS (X SR BSOS 1) 2
X7 bV W Mn Offik A e 5 2k
T, 7B R—TIZ X8 MG ENRA D =
ALEHEICT L2 ERAMNTH D, EHEM
RGO LN F U LA L o EHBHIE IR

81



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

82

WT, INHOMAIIKREEETH D,

EBR

[ EMRA DA k]

* LioMnO»2F

JFUEHIZ LIF R X O'LiMnO2 &2 W Ak 5K
LiMnOFE 2 Lo ICEEL, Y va=7H
R—L 2 LR 4 (Fritschfl PLP-7HL A& %% 45
ce) WAL, @ 5 mmD P/ a=7HR
— N EEBEWNTER, At e —T Ry 7 AN
THEMHL, At/ n—7 KRy 7 ZAOTEEHH
L. FrED B CTE AR AT 2 7 I v
Bt S5 Z & T, LioMnO2F & 1572,

+ Li2MnO3

JFEHZ Li20 8B & O"MnO2 & A v, #i kX
LioMnOs & 72 % K 5 IZH&E L7z, TR LREIT,
LioMnO2F & [R] UM TA I 2 &5 I VOGS
S®5HZ LT, LieMnOs & 1572,

[ 75 i (Y]

B LTCIEME L EEORTHL T T L
VT T fEEAMTHELRYT NT T A
nTF LT 2 IOERLTHE LK,
EI<EAEL, v MREBREERLEZ, 55
Nl — MREMZ S 512150 ymf2E £ T
JEFE L, B S E 2% ¢ 13mmTH Bk
Wiz,

FHkWi-EMmEmE LR E 2 Hn T
A vEBMEBERLEZ, BV —FI(TX
Cellgard2320., & fiF i 12 13 4tk B Ot & & T+
W) T AR IR & N T2

[ =t AT Aff ]

B oo FEHEN NI, EERE L, BED
v NEEILFEEL9I~52V, KHE2.0~1.5V,
It L — M iX1/40 C (1 C=400 mAh/g) T1T-
726

[ XAFS]
XAFSHEILLL T D&M TIT o 72,
- Efit'—2A 7 A >  : SPring-8 BL16B2

PSSt : Mn-K W U s
- X7 —AE (Tx) : 4.5 mrad
- JE FIE : Bk
cE—AY A X 0 1.5X4.0 mm

MRBLUOEZ
Fig. 112, LixMnOsF 35 & O Li;MnOs 0 %[5
BI AR S  a

5.5
5
4.5
4
35
3
2.5
2

1.5 ‘ ‘
0 50 100 150 200 250 300 350 400

Capacity / mAh/g

Voltage / V (vs. Li/Li*)

Fig. 1. Charge and discharge curves of (a)
LixMnO,F and (b) Li.MnOs.

M CFRMEEEFHATHDICH DL LT,
Li;MnO2F O #) [0l fi B %5 #:1% 342 mAh/g (1159
Wh/kg) & LixMnOs @ 304 mAh/g (884 Wh/kg)
ZREL EEIZEEEZ R LI,

300

250 7Y
@ I Oooooooooooo... 20
= 200 N YYYN 7e ....°°OO
é Ty AAAAAAAAAAAAAAAAAAAAAAAA
£150 Ba,
%?100 B =
2. A
8 A

50 (C) AAA

AAAAAAAAAAAAAAA
0

0 5 10 15 20 25 30
Cycle Number / -
Fig. 2. Discharge capacity as a function of cycle
number at C/5 (a)LioMnO2F 5.2-1.5 V (b)
LizMnO>F 4.9-2.0 V (¢) LizMnO3 4.9-2.0 V.

Fig. 2 {2 LixMnOoF 358 £ OV LioMnOs O+ 7
VR DORE R 28T, LiaMnOoF (% LixMnO;
L U CR%L EOYIRIER&EEZ R LT
WZH2b b, R4 7 VLR L
oo ZORERIZ, F R—7I2L0 “GRENL”

A B



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

L HBERENR EEWMNTELEIEERT
REEZ D,

INHERACFEEEOENE LT D720,
K FEINABICE T D Mn Dfli%k% XANES %
7 MRS TZ, Fig. 3 (a)lZ LixMnO,F
DA FEIREIZEIT S Mn-K WL XANES
AT V% Fig. 3 (b)IZ LixMnOs D4 £ 7E
KABIZF 1T D Mn-K WU XANES A X7 |
NERT, FRAERREIL, BIRL— b 1/40 C
THEDOKEE CEEMRAMELITH> Z LT
FE L 72, BTV Mn-K WG A X7 |k
JTBEHEC BT D720, AL E—I 1D
itk ZiEim T D2 Z LT L W=D, KRET
X 1s 7B 3d ~DOEBERBIZER T % pre-edge
— JALE S Mn Offifiz KDz, ZORER
% Fig. 3 (c)IZ/”"T, LiuMnOoF @ Mn fli%k 1%,
HIERETIIBB L ZE3MTHY ., TDH%RE
WAIZHEV 4l & 72572 (~200 mAh/g), 41
LROTBIIFRENETTHETA4MOE E
TholeZ bbb, —F. LioMnOs (2B
LT, 2 ToOREHFAIZIHB VT Mn Offifk
X 4MiCThHo7,

4 fli CHEFF S NZFLPHIC B W TIE, RN
BRAAEICES LD EHTESh D, EEE,
House HIZ X AMEFHE-K WIWim XAS A7 b
VDAL SRR N EMMEIZES LTS
ZEEHRELTBY2], Y7 v—T7ThHIEER
DFERZHERL TS, T70H5H, LizMnOs
IR TR N EMME A S OITx L,
Li;MnO.F 3B B AR L BFE L CEMNMEZ
Y ZENTED, ZNICEY, WAL L &%
FlEH WG E THOBENLE(L S, BEX
bR L2SET L LN TE D,

F F—7 130 RE GREE & STV 2 B
MEO “BRER” L “WEZENR” O
RN TH D AREENRBRINZEEZD,

SHOBRE
AREIZL ST, AMEREEHEMEEZMWAL
Al HE 72 9T 72 7n IEABAL B DR B R FHE S 3 R &
Nic, Gk, BMYA 7 VICfES Mn &
DENLBRBE O ZEALCEE S B & O 1R & fif
4ozt T, SOLRDREMEEECHT S
MPEZ B ML, 2% OMBBERICTER L
TW FETH D,

(a) Discharge 1.5V b) Discharge 1.5V
Charge 5.2V Charge 5.2V
— e :// et

100mAbh/ 100mAh/g

N
ocv

Normalized Intensity / a.u.
Normalized Intensity / a.u.

6530 6540 6550 6560 6570 6530 6540 6550 6560 6570
Photon Energy / eV Photon Energy / eV
6538.6
65385 | ©
= 65384 | Li;MnO;
~ Mn4+
.5 6538.3 0__»3‘__,0...._::e::_—_—_—;-—.__—._o_»
'%' 6538.2 g
2 6538.1 "
i p
§ 6538 //k\
= 65379 | A
l 6537.8 “” LizMnOZF
T 65377 I
6537.6 P S
0 100 200 300 400
Capacity / mAh/g

Fig. 3. (a) Mn-K edge XANES spectrum at initial
cycle of LixMnO2F (b) Mn-K edge XANES
spectrum at initial cycle of Li,MnO3 and (¢) Mn
valence  shift
LizMHOzF and LizMnO3.

during charge/discharge of

2% 3CHk
[1] Christopher S. Johnson, Naichao Li,
Christina Lefief, John T. Vaughey, and
Michael M. Thackeray, Chem. Mater.
20,6095(2008)
[2] Robert A. House, Liyu Jin, Urmimala Maitra,
Kazuki Tsuruta, James W. Somerville,
Dominic P. Forstermann, Felix Massel,
Laurent Duda, Matthew R. Roberts and Peter

G. Bruce, Energy Environ. Sci., 11, 926 (2018)

83



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

84

2016A5100, 2016B5100, 2017A5100
2017B5100

BL16XU

BL16XU (281} 2 B BELIE 2 MW\ e 7 + /) 53 BEHE O RS
Feasibility Study of Phonon Dispersion by Thermal Diffusion at BL16XU

RS 3, KIL BE, BN E
Akira Nambu, Akio Yoneyama, Shin Yabuuchi

et B SrERT
Hitachi Co. Ltd.

BB B2 E OB~ R — U A v MBI O g REGIZ T 72 BRI AR O A D S L, BYRE
EXBLT DT+ ) DRI F U OV THI &2 W FHIE DR 2170 BU T OfEG6 2 15
7oo (1) FEMPERGEL (IXS) {5 & HUEHEL (TDS) JEO BRI D IXS 1E T RV X —43fREED
HHE—ALT A 2B E T 50, TDS IZHEAMR S ERED B — AT A o THEERFIEER Z & 3 bh
72, (2) SPring-8 E™—A 7 A > BL16XU T® TDS FBRIZ XLV | Si(111) & Si(100)2> 5 H 2 ik ik
MEZ Rk U7z TDS NRA— 28U, FHREEY I 21— a3 i D202 — 0 OFBICERD)
L7 A%IE mEN LY I 2 b—ya VIglTZ LV mEL L, 7 4/ U IHEO E & 2170,

BMRERERE~ OIS 2 B,

F—U— N X BRHEGEHEL, 74/ oK

SR EHFERR
HHEOHSHETH L =R X —DKETH
B OBEFE, EIRA S, BREEG Y DR %
L, =X —DHNIERICEET 207585
BB TS, FTHARKR, A

bk 2 T & T 5 — R RV — T REHE,

RAE, #HEEHM CREHEE I N DMETH
65% M BN (CRFIHEY) & L CTREEIN, ZORK
FIABEZENE L TCHMERT L Z R —
DL > TnD, Ta BT LMD
=D, BEEIZIVEETLIE—v I3
REFAT HEELEHR L AT ARSI T
WD, 2], BVEEML Y AT N, Ar—TF 7
VDL —E L AT ATRE 7R 7 8 |\ WL
FAESMfEE NG, FlzIX, BEHEA—IO
% <1E 2017 AE B E o 72 CO, HEH BRI
KHST B 70Ic, =Y UHEEBRIIC K BBk
T gL HWICBVEZEL S X7 LD & i
HDTWD, LnL, BEDOELEHR Y X7 L
I, BHEN TR, a A MRENWD
EMFREE o TND, BAVELBR T AT LD
TR 2 0] L4 5121k, BVEEHM B O

PERBE A EHE TH Y, HHUCHIZIE, &R
12 & % 300-600°C FE i CHEREFE 0 ZT=2 (B
B HE 3%ITHY) &b DR 72 m ke
EEBMEBL ORI N LI L 72D,

EELBMEIOMERIERTH D Z 1,

ZT = S*Tlpx = S?Tlp (ke +xcpn) (1)
TEHFEEIND, 22T SIEE—~v 7 45%.
TIXHEAFIRE . p IXHERHL, « 1T BVRE R | &
% v U 7 BRE R ko 1T FAMRE R TH
%,

PEREFE I 2T 2 E T 5720 12iT L6
DPDLEOICHEGEEZ T T 5., &5 WITE
RERE T2 ERNEM/D, BURER
WCHEHB LA, BMB8OMEIT - >H 5 2
ERFHOLNTEY, AR REEFICLL
XX —DIH. b O — R m RS (7
F V) WEDZFAX—DRETHDH, —
RIZEXROBRERTHDERBITBCH LT
REKRTHY, BREBADONT DLEFOHN
FREFITR D, M, FEROMHERE TS



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

BICHANTEBEEENELS, ZoZ Lidmtk
RERBAER T & L UL P EROMRIEN A 7
REMIC D EEE®RT S, ZNHEESR
T & LTHNTH D FEERCHERRIETIZT +
) UNBMREO EERHNFIC RS-0, &
MEREREVER THRBOTDIZIIMEFR 7 + /
YDOIE L WRHli S BT 72 5

bz, ETFOLA., ATALTF—X
AN RS (O BBR) FE stk &R OV <
ZThizxt L, 74/ Y OGAEEREEE B
DHEBARESA I DD, ZOMEFR DT +
J v OGBSk OFME & LTI IR
PEHEL (Inelastic Neutron Scattering;INS) % H
W FERESHLR TS A, X2 HN
TRl b FIRECTd D, R LB HE O
D E O X f A o 72 BUE #GEL (Diffuse
Scattering ¥ 72 |% Thermal Diffuse Scattering ;
TDS) [3]. & D W iE X FRIEHMEHUEL (Inelastic
X-ray Scattering ; IXS) [4)1Z & & FiENTHE
HEHEDHD TS,

% Z TH & 1X.TDS & IXS D (X #2)
ZHWIRIE FIELE BRF 21T o T2 £77
HERM B LD IXS & TDS % il LFEBR O
ATREMEIZ D W TIF BRI R G L 72 A5 5, ik
MYENE Al B T & 5 TDS % BL16XU THr-
oo IbIT, ERGEREZEENICHERT 572
» TDS KR RZHFH T L Iab—v 3
VEREMETHE L,

HRBIBRET & EBR

FERAAIT O L, X BEPrE LTEL
HMOENTWDT 7y IR 2 HEEE LT,
TDS & O IXS OB 72 LLE R i 21T - 72,
SR 72 O EH[S][611% & Z TILlET 5 2%,
WE O TO X BETE2 5 2 28546, Wik
TR K 28T 5 X BEELRE XL T o 2 X
ThHhzbhb,

I(Kn) = I.N?|F(K3)|? (2)

F(K;,) = Z fretKwTi (3)
i

INHOXTITREETORFITEIEL TV
Ho BEWHAZ DL T x ) U DOIEE LR VKR

DIE STV 5D,

X (Zx b)) 7%/ O8ELEE Z
LA, jIRTONMERY MV o (XEALK T
WCEoTH LT OB EICER LR TN
b, 2FE0  jRFOMENT ST
T ) AN K DR EN wy 2 DT (ry +ug)
LD,

Flo, 7 N TF ) Ko THELS
No%HEAE L =XV F—(R7FH| L EE =R
WXL 5 2%, TDS DA, Z OiEL % j
WBELE LT D, DV HELETZ DO 7 + b v
DOIREB L WEH T L EFNFI 0o 01 &
ko, ki LTUTFTORXTHLDLEIND,

fiwo = fiw 4
hko= hk, (5)

HE L E OB L R ORIER R 8 BB R
LT, X (1) DL EITV, HEmHEL R E
PERIAOF _mE LT,

Fys (K)°
ID(K}=IENk3T2| “‘; 3| K=K ,+q
4 qs
(6)

K-e; .
_ 95 ¢ JiKT; 7
FQS(K}—; e (7)

D2XEED, 2T ZOBELICT + /DR
() EE3kl ) PES LTV ELY
#9, (6) RITWHEF R KD 7+ ) DK
BT Mg TN ENTZ PV KD &
IAHATOT y 7 ZHMHEIREAXT, 2D LD
RN Y A RO BUEL & HE #EL  (Diffuse
Scattering) F 72 (X BV HLEL (Temperature
Diffuse Scattering ; TDS) & FE5,

(6) Xixd 5 q DALE T OIS FHEL D i E
N7 4 ) DRI w4 D 2 FITKILHIT 2
ZEERLTWD, DFE D HEHIREIE O
B4y (LIZFLIEEET+ V) O
BRIk 2, HUBHELORE D () ERMRF
iz EVBHEIS ZENTE D,

(6) A ClIIHUIE BUEL O 98 BE 1R B 12 be i3
D&% 0 KR TI3(QgsQ4s) = ks T/wi DL

85



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

86

LT & <72 <L {Qge@5s) = (g dhiwg T/ wi,
(ngs) 13 (gs) 7 = / DY o T
(nge) = [e@e=/%s™ — 1] 7 % T, 3 (6) 12
ToOXIIThD,

LEO =LY e (06 (K~ K, 0
= as
®)

WIZT &/ &7+ b OBGELZ IR
&L (Inelastic X-ray Scattering; IXS) & L T 9
6O 3L ¥ — L@ & O RFIRIZLLT
272 %,

hko+ hq = hk (10)

T N DT F )T KB IEWMEEL A %
25E. 20 (9) XELEELTLFE255,
howo -hor = Thogs (11)

X, BELORIB T FUn 1D T
+ ) WL (+) T DH0EK (=) 72560
WCEoTCx NN THHELELEKT, O
F 0 IR HGEL O BRI (8) R 8(w + wy,)
EAMUIEZRoORXITR D,

( q::l

IJK@—IMZ: FooO8 (K = Ko £ 05w £ wg,)

(12)

PlEcKoEHEKDD 0, TDS IOV TiE
X (6) X (8) &, IXSIZHoWTIEX (12)
X Z v, TDS IFHEL~Z F L K IZD
BELIRE MR T H Z L 2R LTV D DITH
L. IXS (X (16)) I ZHCELSRE N EEL X2 b
NEKIZMZT74+ by (X ) =3 1rF—|C
HLEFLTWD

ZO0 IXS ITHER X O T KL X — 45 fiF
xS 5, X (12) IfmEiz & Bk
NERTHIFEIIAF 7 o (X)) ox=x
NFXF—IZXH L TT7 4/ O RLX— 145

DFNTT + / VEELREN 012725, oi
D, 7+ 1 SO R ILX—SfREET

+ b (X ) O RV F— ?%ﬁm$bﬁb\&

FEWMEGELOBPIT TE RV L 2 BKRT 5,
T4 OMBP RS ERITIRELE 1~

5108 s THHEDTT F ) v —DDIT R

F—lTw=3x10%sFREL LT

friey = B.58 2 10728 [eVs] 2 3 »x 103z 7]

L0, 19.74x103 eV = 0.02eVER D, X
[ 47 SEBRAZ VN B 3 D X O I R 1R fa A& 1
MWL ERH D 0.5~2 AREIZRD
D, ZAE6~25keVIZHHY T 5, fhameE LT
IXS%EAT 9 1213210 keVAH Y O XH %220 meVEE
FELLF O e CHITH T 2 M ENH D Z L &
BT 5 (O fREEAE/E=~10LL ), BL16XU
£ 721EBLI6B2 THW H L T 5 Si2ff db 4y
g BB D XD REEIL~104E T
BV IXSIZxt LTSRN AR ZET 5(7].
ZICx L CTDSIRIXSIE & D 4y fR e 13 35
&9, BL16XUE 72 1EBL16B2% O — ki 72
DREOXMPEONIE—LT A4 Thi
IE B B VR 7S THERAEEE E XD
o,

PLE, BERmE LI XY | BLIXUIZ B W T,
TDSIZ k5 7 % 7 > D4y BGEHM ZBR 2S 7] fE
oD LRI, %W LHEBREITo, R
BHI LB N B S IZITR D E&ZE 2 b D,
Si (111) &081(100)ﬁaa%ﬁﬁw‘_o Fig. 1123
BREEXEZRT, Y7o baRENS K
S 72X & Si2fb d o bas THiA(L L, ok
I REIS/R D L) ITHLE S 7z B b
BRI XA RS U B o E# 122 e
H#sPilatus Z Bl L, BUERGELIC X » THE D
ﬂéﬁﬂx%ﬂﬁ~V%7VVa/bfﬂ
L7, 2 oFmbdiE ik, U2 %0 L 72 X
ﬁﬁ&%ﬁﬁ%k%ﬁéTbﬁﬂﬁéﬂ\:

i XAIXIEFICH L < MmN EHES
22¢bH50T, MEROZ T AT %
E— AR Ny 7l L TCREEBREZORICA
®E L7,



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

N\

AFIXEG

L
skl

I ER B
2R ITIE 2R
BUELXER
E—LA Ry

Fig. 1. Schematic view of TDS experiments at SPring-8

BIEEELORE X7 7 v V&2 Lz
EEXWCALIETRRICERD ., HFLLIFHW
7o, BEITEPT SR 2T S e R L F
—N®END, 272U, KX (6) (8) »Hbn
% X O ICBIEBGEL O R E X ALY 7 ML DK
T ITHH LTS RDHDT, 25X EK
DEYTFEOJE L TORER4FE L, Bl E%E
mek L <, AEOERTIE X HET R F—1%
21 keV L CTEBRZIT- -,

EBRERLVIa2L—va VR

FEBRIZL > TELNZBERIL Y — %
Fig. 2 127”9, Fig.2 (a) 2% Si (111) Hifs
BB Fig. 2 (b) 2% Si (100) Hifh &
BB oniXZ—rThd, "FE—rD
HREICADNDINE L, ZO FICHOD
HIIE—LAA Ny T eZNE X2 DHIEICL
HHDTH D,

TDS 1% 1940 FA0 5 #HE 2D H Y [8-10], FE
BREJEIR & 0 ot AR A & v > CHUE HLEL
DAAEHETEBY, BAEZETLFERTH-
Too ARFEERTILHS YEIR T 2 koo i # & H
WTEY, Fig. 2 IZ/RL7= 2 kLD TDS /8
H— 2 OREREFIZ 10 TH Y, 0 RTHH
PEAAE D FEBRIT LN, 3~4 K7 o E R 23 4
fis Sz, Flo, BRI L TRV, 8
HREE I LU T CORUGRANE = %2155
ENHERTE TV D,

(a) @ Si (111) FgE»rbELNT/NZ —

IEFRIZ 6 oD R EFFORMIERAEFT D
ZEMEETHY . FOEY & HERH S W
A AZTEAICES 3 SO =AENREATED .,
3 E MR TWE EBEZLND, Zh

B b1

1. Si (111) W DRI DR GAEIT %S LT
Wb EEBEZLND,ETK L, (b) D Si(100)
MHEBFELNTZ R = IR RIZESED 4
DIERZGVE L LIZL o2 —URNE8hA
TEBY 2EFHBEEZTRLTND EEZ LN,
ZORERS Si (100) D 2 B SRAMEITR IS
LTwWa,

HE O X AP EBIEE I T MR E
T, AH X B EEITF X R
DT LR TERILT 7 v 7K
(2dsinf=ni ; = (1) (2) OEFTKD LI
%,) THRICEBST NS, ZTicxtL
T, TDS TiX., — WA HE 7o SO #1381
wéhf\ﬁ&ﬁﬂ®%mwﬁbﬁ~&ﬁﬁ
DIE> &Y & LW ARBIBRE 72 BELAR 23 IR 22
MICOles THBHEIND Z ENZDORERND
X< ond, 757 2OV THLERFERIT
WM Loy BEBEREE—F (%7 4/
V. BEBET v, ENENOMER., Bk
ThH DN, KT %m%4&%00féﬁA
RIEE DO S ET + ) O BNEEIC

D, FEBRITHE OGN NE — /wﬁﬁ%%g
MOEEMNICENDOOFEREGEDL Z L ITHL
K, 7/ Do WMERELTLYIalb—v
gy L TENLDOFEREZRD D Z &N
MEL D, WIZ, YIalb—va R
DNTIERD,

vialb—varyrar T AL Python &
AW THERL L, Phonopy[11]& FRIZND 7 4 /
VHEIAT IV -V, ¥YIalb
— g UTIRAATEY NS Si 2RE L.
HIZEH LR E2 T 0T A6 X HIT—
B LW, Fig. 312 B L7232 =

87



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

88

2

BEFELIZIEAK

Si
(111)

Fig. 2.

Si
(100)

Results of 2D TDS experiments (a)Si(111) and (b)Si(100)

Si
(111)

Fig. 3.

L—yar7alIalloTHEon-i#E
BELNZ — &R d, Zogats, FEiEFE
RICET NV EEZDZ Lk Si(111) & Si

(100) DZENENNDHEDBINDNHF — &R
HTWD,

Fig. 2 27~k L 7= TDS @ FEBfE R & Fig. 3 |2
FLEYIal—ya O REHET S
&L Si (111 TH Si (100) DA S FEBRS
BAEAICHBAL WD Z ENHRTE, g
BELIZ L 302 7+ /7 U EGE RTRE T
HZ EWREI T,

Si
(100)

Results of TDS simulaton for (a)Si(111) and (b)Si(100).

V3al—yaryTCRIBEEREZTLBAD
B BGEL N — U bR AIRETH D, 2 D%
a7z, TORR%E, Fig. 4177, @
WO X #RIEYT (XRD) TIHREZE LiF 5 &
BTN 720, FIF5 LM< 2b 2N
—EMIZEm SN TWnWbH, TDS ¥ 2 b—v
2 URERTIZIXRD & ixfic, BEE BT
LRI BB EGEL SN — 3R 2 HEE
TT7ZHBHEEN L BIEREL N F — 1353
7B LR TE5, 2k, XRD T
TR EICH DRI DEELE T b



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

300K

100K

Fig. 4.

500K 1000K

T

Temperature dependence of TDS simulation.

Upper; Si(111), Lower; Si(100).

N, BEEZ BTS2 3RS IR L
ThHY, RTOMEDREEL R RDIEDIC
XRD O ¥— 7 #ME L7 n— NiZihbd, —
. WEEZTTL L, BTRBIT NS
D, BRTFOMENR—EITESLZHE—7 X
vy —7he b, Tk LT, TDS Tk
REHZDObDOE &L LT T+ / XD
GBLEBH L CWnWa e, lEEZ LA Z &
Tx ) VI EABELAE 2D Z ITHY L
T, BEEPmM< Ay, HITREZTTLZ &
X7 4 2 X DBELWD Z LT xIET D
e, B0 ind,

UL b ARBFZEIC L (BLI6XU (2B 5 TDS
FEBLIIal—Ta rOMALEbEIZLY,
TR RD T x 7 2o BORREFHA 23 7 RE
THDHZENTRENT,

SHBOBRE
BURIZABIRGE T H D . 5%, AEIYIZE
REEE AT ) - OCITOERBER LS I 2
L—ya ViEROERKEZ 4 v 7T 4 71T X
57 ) U BIRBEDO . @R~ D
23 AT RE 7 AT BLE o TDS Rl % O i
B, OARMIE TR LIZE—THEWE (Si) »
52 It 3 LR{EEW~ D 7 & OBk
HENLETHY | 5% IR - FFRE o 4 4 -
EITL TN BEXTH D,

2E IR

[11 W&RE B, LHDMHHIREL S
HEBFHLEMN  ~100 ELL T DOHEHZ)
FH - NA TV —BEENT~ AT
A&T 7 Jmay—4t 2011.

21 RINRAE %le., MELHEN N> P
> 2 NTS 4t 2008.

[3] M. Holt, Z. Wu, H. Hong, P. Zschack, P.
Jemian, J. Tischler, H. Chen, and T.-C. Chiang,
Phys. Rev. Lett. 83, 3317 (1999).

[4] M. Schwoerer-Bohning, A. T. Macrander,
and D. A. Arms, Phys. Rev. Lett. 80, 5572
(1998).

[5] W YEOHEELFESE MHEA
T TaY L T ZAS HE

(6] H VT ¢ MFEKESER  #ik X #Rle
I 7 7 RAKJEAL 1980.

[7] 1 %1% SPring-8 BL35XU 72 & THEBR L]
HE; H. Uchiyama et al, Phys. Rev. Lett. 120,
235901 (2018)

[8] P. Olmer, Acta Cryst. 1, 57 (1948).

[9] H. Curien, Acta Cryst. 5, 393 (1952).

[10] R.E. Joynson, Phys. Rev. 94, 851 (1954).

[11] https://atztogo.github.io/phonopy/

1987.

89



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

90

2016A5400, 2016B5400, 2017A5400 BL16B2

2017B5400, 2018A5400

FRG R MRT T 7 4 —#%E M\ SiC MOSFET FE& K Fa D
YT NE A LBEDRASR
Real-time Observation of Stacking Faults in SiC MOSFET
Using Operando X-ray Topography

K A%, /Ml <AZ, BH ER B BAE
Akio Yoneyama, Kumiko Konishi, Ryusei Fujita, Akio Shima

MRSt B SR ERT
Hitachi Co. Ltd.

FR_RF R NRT T T 4 —1EEZFWT, SiC MOSFET 52354 2 OEMWEIZE - THRIET A fE 8 K [
DY TINEA DREZRD T, 2T R MR T 7 ¢ —1EIL, RO X7 1V AR AR

\CEE 2 TR DER R XA A T 2 WD 2 & THEBMIC MR T T 7 ¢ — 182 BS3 % HET,
FER KRN Z U TV A A CRIET 2 2 6N TE 5, AFRETIE, BEXWEZ 2 T A MEL
BIELFHE R SIC(0-2210)E D[alHT & x5 & LT, T3 ZAEEIZfE 9 Bl a ik 27 74 7=, BL16B2
12T 10 keV OHHEE AW TRABIZE L7oKER. 751 ZOBMEICEWLIET D88 K okk1%

WEFH Zo e 1 B CHRIO T 2 Z LICEh LTz,
F—TU— R NESTT 4 —, SIC, TNAAA, TR, UTNHEA L@
TR EHERD T, BT XM T AV DR A RE AR 3R

Ak A 3% (LLF SiC) 1EZ nENT-ER
BN S, NU—F A AWM ENE L
THEBEINTWS, LML, AN
EE%&&E%<@#%K%$%@L\?N
A ZADOMRBICKEREBELKIFLTWD, T
D9 b, RN SRS D REE KM
TNA ZADOEEIZ - THRA IR L, K&
PICIEHERIE T E5I 2227, Zokd, /
FMVERER OBLE NG, 2 OIS THE
Thd,

NRZ T 7 4 —EIIRESIC LD X oET
BRxFH LT, MBaoBICXER Ex2 5
W CRIET 5 HETHD . SicC v 2
VIETFTRSAATEL RREARTY U LR
EORERFMICASFIH S TWD, — 1
IRERAL DY A X3 pum BB & FEF UM T
HDH—FHT, BEAMNBLERDT 2N —TFT AN
AADRKREZNIE mm ANLEA T2 D
T2 8. B ZE 5 FREE Do KA O 73 B

EhTwb, . FE R BLRICIRE S
T,
TEXXRL Y IIEOREIIEET LN, E

EK%®ﬁ4x(ﬁ%)iL%ﬁ7mm&E

DD

Thy, PIMIREOEMRBEERITIX, X
PREBRHARTH FoICBET s LTS

Lo T, RMETE T 7 A=D1 v 7Y
VRO SRR+ R 7R R R AR A T
T, T ZOEITEWGLIE T 2 158 K il
DV TNEALBEERRT, LT, X7
YR NRTTT 4 —BIER . SFHAR R
S OMIEaRIE BE 72 & % U AT L 7o Rz D0
THET D,

FRGUR - VRTT T 4 —BER

BLI6B2IZB1F 54T K- bR T 7 4
— R DLEEMERL & Fig. LR T, ALEE TR
07 {8 2R 3D BERE | XL 8] 44 A I 25 \ﬁﬂ%ﬂ%
. T ZEHERR D EITHK ST



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

D, ALETIT MM L Y AL
XM E QA Y » MZ X BB A XFEE I
L, REHCAK LTS, LT, ik
TEIIFESNZXEIT2 0 7 —2ITHY AT 6
Mo XFRE R s TR LT\,
XORR ] 4 49 HH B (Andorfl Zyla HF)IE ., 8 G4A
(JEE100 pmDCs), AFF 4 L« 774
R B OVATEE FHsCMOS Sk & Tk
0. A LI X#R A ORI K0 AT IS A
al, 774 /3— 2K VsCMOSIZ/EE L T
HLTWD, 7T T 4N T7A4—D7F

—/X—khiX1:1, sCMOSD | H A X[13X6.5 um,

1B 35 $72560x2160 T &H v | Bl 513 16.6
mmx13.5 mm& 725, Fio. TN, AEERR
DIRE FAZMZ, ZFE L2 ERT S
T2, TAAL ATKGE LIZER Ty 71
[EHE L7z,

X-ray

Cooled
metal block

Power
source

Fig. 1. Schematic view of operand topography

system using X-ray imager.

HE SRR OBLE
AWFIEOBEXI G TH DB R ML, kK
NH—RICHH S TWD SiC(11-28)i# O [A]
PrCix, BIRICR->THEND, Z07)l,
JARIZHL, BB IEFITEHE L v D
BN o 7= (Fig. 2 £X), & 2T, fEE Kk
N E 7o THN D SiC(0-2210) 1 % #7212
M L7z (Fig. 2 AK) [1], WM& AL+ 2
& SiC(0-2210) 1 TILFEE K a3 #1272 - T
ToZ D BN TWVWDHZ ENbND, 0B,
AF X O X LF =3 10 keV DA,

Si(0-2210)D ABf41x 17.4 £, K& 1% 83.6
B (Wb EtEME) b,

(1128) (02210)

Fig. 2. Topographic image of SiC(11-28) (left)
and SiC(0-2210) (right).

TN ADOEERTZICEELRER 10 7P TH
BHFLIC MR T T 7 40— % Fig. 31277, (a)
DENERT, )R EMEZ TH Y | Hr & 7o THL
NoHREEXMEO)TIEZHE BB TETnD,
TR Y X BB R A U T A
R THEEXRMZ SRR TETH D Z
ERbND,

--——-’H
1R 4 " ]
&

H 1

v

(a) (b)

Fig. 3. Topographic images obtained before (a)
and after (b) operation of SiC MOSFET.

Fig. 4 \ZIXT XA REEF DY 7% A L
B R 2 R T[2], 7ods. A& BiG OFHHRE
X LB/ TH D0, ForDOBEME L 80 gD
WG ERRLTWD, £2, BBO T OKFH
X7 A AEEZR ORIBRR 2R LT\ 5,
ZORERNG . BEICEWEEE K KES R 2 1
JERT DR T2 MO TR T 5 2 LT
LizZ ENbhDd,

91



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

92

560s

640s

480s

Fig. 4. Time-resolved topographic images of operating SiC MOSFET.

Fig. 521X bR 7T 7 4 — B WNIZR LR,
T & Ok OIS 3517 2 BT X #R5RE O
P A 72 2540 & iR b L 72 SR 2o d, Rl s
R[] (FD) | MEdh 23 FH e B9 72 X AR EE CTd D,
CORERPOHEIBEICZE ORI BN K E L
Fp0 | REOFEE TIE-KIZIEET 201
LT, HAROFERTIE 1 EEFEVEREIC
EoTHLLISDILEL TN Z ENDL0ND,
Fo. BRAOEE T BRI HRES IR L
7%, HEEENSETTRBY 2 EMICR-
TWHZEbbhd

1

0:98 / = ‘*"/:—/F‘C'#—
riiiia /

0.97 ] 2

0.96

b RE [ ]

0.95

0.94

[0} 500 1000 1500 2000 2500 3000 3500 4000

B[]
Fig. 5. Time chart of X-ray intensities of each

region shown in topographic image.

Fig. 6 (2”7 K 912, @IS LT
%FT&774~@®%5%E4%

BWT,

MEHMDT A 7Ta7 7 A /VEHME LT
N RERFAYICE ~ 72 ( R AR F v — F) % Fig.
6 (D)7 9, B2 RER] ., e 23 [E 8T X AR
BETHY Ei%ﬁfﬁ(ﬁ’é?)i%ébfb\éﬁﬁ
e, BIIEERERTH D, ﬁﬁ@@‘
ﬁofﬁ%ﬁmL¢Of#5t \4%%
Lo THNTEY, RUOEEHAARIZE
RMGDOILREREN RN L E2EFHR LTS
F7-, Fig. 5 L8720 KF v — b TITIEE
THHMbHERTHIENTED,

Fig. 6 (b)2> b &, AREHAITIET N4 2#E
% BB K) 500 B> £ TIXWA WA 72 R IE D%
ELTIANDD, ZORITLEEL THIZ2K
Ml AL WD &, £, BEMKK
100~200 B> L T B RAET 5 Kb S5 AFE
THZE EHICEZEIZHEL TV DHHEIK (B
OIS IR D) bhDH LR ENDb,
%

ELHLEEBRDOBRE

BB LIZANT N e FRTT T 4
—{%E% T, SiC MOSFET 7 /34 2 O #EfE
o CIRRT 2B XA Y 7 VX A4 AT
M THET S 2 LRI L, FER s fizse

K1 TH Y KD B i+ FCTH o
7o £72. FERF v — MKV HE9EHE S

FE BRI HREAT ATRE 22 2 & ﬁ?bfno 7=,



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

Line profile

1

e

Topographic images
(a) (b)
Fig. 6. Topographic chart (Topo-chart; stacked line profile) of operating SiC MOSFET.

LSBITEFEONT —F A Rzt L LT,
BIECERL & JRIREE & o BILRAEAM & 1 6
% L EREC, FEE XM O R L 72 5 KK S
N & OBHEIZDWT, Tl O & ZE [ 43 iR E 72
NRT T 7 40— X DEALBIEEC, X FREAMK
HEER W TR~y B 7Bl L
THEDDLTETH D,

e PN

[1] /P < Ao RILBS . BEE PR, 5%
AL W ITREY B — AR RS S-05

[2] K. Konishi, R. Fujita, A. Yoneyama, and A.
Shima, 12th European Conference on Silicon
Carbide and Related Materials (ECSCRM
2018), TU.P.EDS.

[3] KBRS . AL E RS, ILHEBE—. &5 17 [
Y E—ABER KRS S-06

93



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

94

2017B5110, 2018A5110

BL16XU

IRHEEA T ) OTHMEMBRIZ L ZBEMR L X I =X LEH
Improvement of Mass Productivity by Improvement of Bottom Electrode
for Ferroelectric Random Access Memory

BN T, £ XA un FRY,

R H2 BT K
W —E: SROEY BK EEL EE W

/N BR—HR 2

RE %2 AR thig!

Kenji Nomura', Wensheng Wang?, Hideshi Yamaguchi', Ko Nakamura?, Takashi Eshita??,
Soichiro Ozawa?, Kazuaki Takai?, Satoru Mihara?, Yukinobu Hikosaka?, Makoto Hamada?,

Manabu Kojima? and Yuji Kataoka'

VRS AL S L@ st seT,

2E X A H s 2 — RS,

3 RRER R

Fujitsu Laboratories Ltd., Fujitsu Semiconductor Ltd., *Wakayama University

RS IR A E U DB

IRBWT, Tl A SR PYTI 205 PY/AIOK |

W ET 5 Z LT, Rk

7:—»%@?aﬁzv~9yﬁ%w&E%%&L;Fﬁ%mifé k_ﬁﬁbtoé%m

= R DERIA A i A T R
W C Pt RIATHFIZ 5772 PoOx 2ARFF S 41,

[FEBEEHR Pt/AIO, @ POy HETK P IEFERE
~u7xw4%mﬂiﬁméﬂé’tfﬁﬁﬁﬂ4m7

L AR DI BRI

a7 AANDEENRT T AN A MESOFEEE MM S, FTEREMUTEE) 5 ORLH PLZT Ot kE

WENM ELEZ S XV ERE DT & L PLZT ORI HE S U,
o7 o A~<w—U 0N ER L, BEMENRH ELZ] Z ERBH BN

Fov—

BREHEED

RIEERE), mEEEHL, 2ESHEZ
Bl o T BT RS OA i 2 7o B EAR A T
Y ( FRAM: Ferroelectric Random Access
Memory) [1]IZ, A~— K — RRLEFET N

2z T, EFEH SN TS E S DA
v —3 v bk (IoT: Internet of Things) 11357
F~OFNHILRBEALTNWND, & L@ r—
7 T 1999 T HFUZ B T T FRAM D&
E%%%L\mﬁfﬁowmaawﬁrls
V. ERE 8 Mb OB KITH T L TW 5 [2],

:nifmﬁ&ﬂ\%%%mﬁy&y%m
Fx WY v gy (PLZT: La-doped
Pb(Zr,Ti)O3) Oif&ea{bT =— /LEFD Ar/O, 5%
P Z el 72 025 2%I23 5 2 & T kst
O EZ@E U CRESE LR REmET S
ZLEERHLTWA[BL, UL, mnidiEdk
HO L7220 02 REIL 0 2%LFED0HTH Y |
ot A~v—TUUNEEICBITDIREL

FER L LT, fdb7T =—n
VAN

C BB AT Y, FRAM, PLZT, FEpEM, X #EET

o TV,

% Z T4, FRAM f&ERE D 7 o & 2~ —
VUBRPIRLTCEEEEZR ETHZE, &6
W EDRA=ALERAT L2 & 2l i,
ZTORER, THEMEZ EFIERE PYUTI D
PUAIOWCHK R T 52 LT, Frkr~vr—T
MRELSLIERT 222 R LML &6

X # AL (XRD: X-ray Diffraction) % H W

ThEmARKEHEZBI L, M X BEE
Jt % (HAXPES:
Spectroscopy) MK Y

Hard X-ray Photoemission
WA A E BN IE
(SIMS: Secondary Ion Mass Spectrometry) %
HWTHFIER A FARTHER, ek A~ —
VUPER D A Jp = X AFEBICE 5 72 [4],

LBk
AREBCTHEM LY 7o % Fig.

LIZRd, SiOx/SifEf Bz, FEpEMmE LT

Pt/Tid» 5 W IXPYAIOxZ I L 7=, X H1Z



SUNBEAM Annual Report with Research Results, Part 2, Vol.8 (2018)

JAW AR 2 o JETPLZT & i L 72,
PLZTOR 1L, Zr/Tikk 230.4/0.6 T, Laifi &
132.0mol% TdH 5,

PLZT (150 nm)

Sio,
SiE R

Fig. 1. Schematic drawing of the deposited layer

sequence.

TENT 7 APLLTIE Z ki dt b+ 5 72012,
Table 1127~ L 72 Ar/O225% &I 1) T600°C T
T == V& T o T, F72, PLZTX T #l & iR 4
DI DOEEEZF DDz, —Ho 7
VI, T EPE RPN (Z Table 2127~ L 72
FHEKIZBWTO50CTT =— V&7 7,

Table 1. Bottom electrode and O2 content in
PLZT-post deposition annealing (PDA) for

each specimen.

0, content (%)

0
0.25
Pt/Ti 2
50
100

0
0.25
Pt/AIO, 2
50
100

Specimen | Bottom electrode

u—y

© O JdOo |k WwWN

—_
o

Table 2. Bottom electrode and atmosphere in

Pt-PDA for each specimen.

Specimen | Bottom electrode | Pt—~PDA atmosphere
A . _
B Pt/Ti Ar
C _
D Pt/AlO, Ar
E 0,

B ERE  (XRD & "HAXPESHIE) 14,
SPring-8 v — A 7 A  BL16XU T L 7=,
XRDAIE CTlix., Huberth: H 8 Xk [a] P 4 & &
A L7z, X#RO = FRLF—1320 keV & i#ER
L. B & IZIE2R ook H#RPILATUS 100k %

HWwiz, A7 EITH1I150 mmTh 5,
HAXPES #Hl] & T I% . Scienta Omicronft # o
R4000Y:E 7+ 7 4 V& H Lz, XD
FF T8 keVA N L EE IV H L
41385 (AHAIXS ) THIEZEML -,
SIMSHIZE 12 1%, CAMECA 4550% % L7z, 1
WA A 1Z1F5 keV (Cs*) Wiz,

FERBIUBE

HUESRE Y L FHEIT D PLZT EFHICIEK S
N7 NIV T, PLZT{110} 5 H7
v—27HWTHEL, FHEM PYTI &
Pt/AIOx Tl L 7o R % Fig. 2 12”7, 5
FEHE PYTI 23N TIE, O; 2% 155 D7) 72 8
W ORIZEBWT, PLZT RED T v X LSy
DNl STV 5D, — 5 PYAIOK IZ B W TIE
02; 2~50%D K WFEHIRIZI W T, 7 2 & Ak
SR STV D, REERIE, FHEM
PY/AIOx Z W5 Z & THEfmIbT =— LD
Tt ATV UBRIER L, ®EEEZRH ES
D ENAEERIEERL TV,

[N
=] Q
o =]

,j I

/

Intensity (arb. unit)

N
o

{/]
0 2

0L 0.1 1 10 100

0,/(Ar+0,) (%)
Fig. 2. XRD intensities of PLZT {110} from
PLZT film on Pt/Ti (specimens 1-5 in Table 1,
red circles) and Pt/AlOx (specimens 6-10 in

Table 1, blue squares) bottom electrodes as a
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Fig. 3. Temporal changes in XRD intensity
during PLZT-PDA of (a) pyrochlore {222}, (b)
PLZT {110}, and (c) PLZT {111}
specimens 4 (PLZT on Pt/Ti, red circles) and 9
(PLZT on Pt/AlOy, blue squares).

from

EEEMR Pt/Ti & P/AIO, TlX, ¥ H 6 A
LPtJ:7D>% PLZT M fEfRE L TV HIZ b 1%
59, Pt/AIO, D PLZT ®D~_u 7 2 H A MME
DI RHE, ZOEMEE LT, PtREOED
WENEZOND, NMuraTrnbXer
2ZHA N DOHERITB T DIEE{L= L F—

1. BEIEETIE 441 kl/mol, BAKE TiE 112
kl/mol THH I ERHMBLINLTWBH[5], AlD,
THCEM PY/AIOx T, Pt K IZHLH L 727
TR FERRE O & L CHBERE L T D ATREME
NEZ LD, £Z T, HAXPES # W T,
Pt RENZILH L 72 R F 2~ 7o, £7. 68
A Z2RH LS T 570, PtAIEEZICT
== T 5T L THEBERESET TV
WG L, PEEMMICED L D RJFE 258 L
BB MOV TRz, Table2 (2R L7 5
YN EREL RENR 2 ODY T (D,
E) D% % Fig. 4 12773, Fig. 4(a)ld Al 1s.
Fig. 4(b)I% Si 1s OFERTH 5, THIJE AlOk
2B O Al OILEUIBLI v v, — 7 FER
Si0a/Si 6D SilZ OV TIL, Ar HZHR Tl
#%&Lﬁuwxoz P RCTIRIE T 5, > T

EREEA P/ALOL ICEB W T, Pt EHEICHEHL L
FBEIEEE@FL& L CHEBE LIS DR 1%, Si

DHTHDH T ENTroT,

=

= (a) Al 1s

=]

o

|

T

>

=

(%]

c

Q

e

£

1575 1570 1565 1560 1555
Binding Energy (eV)

- .

= (b) Si 1s

S

o

S

S

>

=

wv

c

7]

]

£

1850 1845 1840 1835

Binding Energy (eV)
Fig. 4. HAXPES spectra of (a) Al 1s and (b) Si
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Fig. 5. Temporal changes in XRD intensity
during PLZT-PDA of (a) pyrochlore {222}, (b)
PLZT {110}, and (c) PLZT {111}
specimens D (Pt-PDA; Ar, yellow triangles) and
E (Pt-PDA; O, green diamonds).
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Fig. 6. SIMS depth profiles in positive mode for
specimens (a) A (Pt/Ti) and (b) C (Pt/AlOx) with
the 50-nm-thick IrO; top electrode / PLZT.
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Fig. 7. Schematic drawing of the phase transition
from the metastable pyrochlore phase to the
perovskite phase in PLZT on Pt/Ti (purple line)
and Pt/AlOy (blue line) bottom electrodes.
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Crystal Truncation Rod Analysis of the Silicon Interface Structure
Induced by Low-energy Oxygen Ion Beam Bombardment
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Fig. 1. Schematic view of ion beam-induced
surface ripples. a) Surface normal incidence

condition, b) oblique incidence condition.
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Fig. 2. Intensity distribution of Si(11L) CTR

scattering.
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Fig. 3. Intensity asymmetry curve plot of Si(11L)
CTR scattering.
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Fig. 4. Structure model of a-Si/c-Si interface for

an analysis of CTR scattering.
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Fig. 5. Analysis result of intensity asymmetry
curve of Si(11L) CTR scattering. Solid lines

represent calculation curves for each sample.
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Table 1.
analysis of Si(11L) CTR scattering.

Structural parameters obtained by

sample  U(%) ApA) k(%) Ap(A) TIE;Z;‘:SSS
Thermal oxide -0.5 0.11
Native oxide 0 337
5 keV 02+@0° 25 2.7 4 15
5 keV 02+@60° 5 3.5 3 15 6
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Fig. 6. Schematic view of a-Si/c-Si interface
induced by O>" ion beam bombardment. a)
Surface normal incidence condition, b) oblique

incidence condition.
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Fig. 1. Schematic diagram of experimental setup
for Os/CVD-SiOa/n-type Si/Ag paste structure.
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Fig. 3. Bias voltage dependence of Si 1s spectra
for (a) as-deposited, (b) N2 anneal, (¢) Ar/O:

plasma sample.
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Table 1. List of amorphous thin film samples

Sample Substrate Sub. Temp.[°C]
#1 300
#2 Si(111) %%é 350
#3 400
#4 o 300
#5 Si(100) o2 : 350
#6 400

HIROEEBE 0 7 7 A VENTOT2D1Z,

X M5 (X-ray Reflectivity : XRR) I i€ % |
BL16XU D FEFr/~ > FIZEX E Z 4172 Huber £k
oo LahEl it 2 AV T3 L7, Mg
Nal > F L —a Uiz vy, 20EE
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Fig. 1. Reflectivity profiles of amorphous thin

film samples.
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Fig. 3. HAXPES core level spectra of ALD-AIOx films.
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Fig. 4. Substrate temperature dependence of

core level photoelectron peak area intensity ratio.
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Fig. 5. HAXPES valence band spectra of AlOx films and curve fitting model.
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